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Abstract
Some of the earliest fossils of multi-cellular animals are the “small shelly faunas” from Lower Cambrian (~540 million years old) 
sediments,  marking the “Cambrian Explosion”. Small shelly faunas are assemblages of extremely small (millimeter-sized) phos-
phatic molds of shells such as snails or clams. While small shelly faunas are found in sediments ranging up to recent times, 
these later occurrences are often poorly studied or ignored entirely if there are larger fossils in the same sediments. The Elgin 
Member in the lower part of the Maquoketa Shale in Graf, Iowa is Upper Ordovician (~450 million years old) in age, and con-
tains a small shelly fauna.  This fauna has received attention because the small shellies make up the bulk of the rock, which is 
rich enough in phosphorus to be called a “phosphorite”.  Partly because of their small size and partly because of the geochemis-
try of phosphorus, previous workers have concluded that the Elgin Member phosphorites were deposited under low oxygen 
conditions which resulted in the animals being “dwarfed” or “stunted”. Phosphorous can be the limiting nutrient in oceanic 
environments, so it is not commonly found dissolved in sea-water in large quantities. When oxygen is low, however, there are 
not many organisms to consume the phosphorous. This is why high quantities of dissolved phosphorous might occur in anoxic 
deep water bodies.  For this reason, the Maquoketa Shale/Elgin Member phosphorite has been attributed to upwelling of such 
anoxic bottom waters into the continental sea environment, where phosphorus precipitated directly into the sediment.Howev-
er, living things are still “in” the water, so oxygenated water with biomass can contain as much phosphorus as anoxic waters 
with phosphorus. The burial of settled organic matter is a probable delivery mechanism for sedimentary phosphorus. Therefore 
an alternative hypothesis is that phosphatic sediments can form in oxygenated water, and might be concentrated by accumula-
tion over long periods of time rather than by rapid precipitation from phosphorus-saturated water. If phosphatic preservation is 
size-selective and if there were evidence of the presence of normal marine fauna in these deposits, that would argue against 
the oceanic anoxia hypothesis. The organic burial hypothesis can be tested by identifying size-selective preservation, or 
“normal” fossils. Rock samples were taken from two sedimentary beds at Graf. Thin sections are being made from these sam-
ples, so that fossils can be examined in context. Remaining samples were dissolved in acetic acid, which releases the small 
phosphatic fossils from the rock. Among the acid residues full sized specimens are being found: bryozoan, crinoid columnals, 
and umbilical  molds of larger snails, all of which are small parts of larger animals. Also certain clams and snails are only partially 
ﬁlled with phosphate. These ﬁndings suggest that phosphate ﬁlled small pores and could not ﬁll larger ones. Therefore preser-
vational bias favored small shells, or small parts of larger shells. This suggests that the original fauna may not have been 
dwarfed at all, which negates the idea that oxygen poor deep-water masses caused phosphate precipitation. 
Results
•  Similarly-sized fossils were found of faunas such as clams and snails. Phosphatization had down-sized what was a typically-sized 
fossil. Snails were discovered missing the  outer lip of the shell. Inner sheletal remains ( umbilical steinkerns) of larger snails were 
found.
•  Portions of the outer lip on clam shells were also missing. 
•  Partial internal molds of clams were found, and were phosphatic.
•  Phosphate residue was found in thin section examination. Phosphate is brown in plain-polarized light. 
•  Phosphatic nodules were visible on the outside of some specimens. 
Discussion
•  Phosphatic preservation and ﬁlling of the fossils was limited to larger specimens
•  Absence of larger, complete steinkerns suggests that phosphatic preservation is size-selective, and the phosphatic fossils found are 
not of dwarfed fauna. 
•  Evidence of dwarﬁng was not found
Conclusion
•  Evidence found in this study does not support dwarﬁsm of the Graf fauana.
• Paleoclimatic and/or oceanographic interpretation, based on dwarﬁsm, cannot be made. 
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Introduction
•  Tiny, fossilized marine creatures found in Ordovician rock in Graf, Iowa were found to contain high 
amounts of phosphate. 
•  With phosphorous being a limiting factor in marine enivornments, it was hypothesized that the 
creatures were products of an anoxic environment that was upwelled, and their deprivation of 
oxygen led to  a “stunting” of growth. This hypothesis is closely linked with a modern debate of the 
late Ordovician climate change and glaciation, so a thorough investigation is necessary. 
•  Seawater with typical oxygen levels can also contain high amounts of phosphorous, due to the 
burial of organic matter within the sediment.
•  The alternative hypothesis: large quantities of phosphatic sediment have accumulated over long 
periods of time, and phosphatic preservation is size-selective.
Methods
 •  Samples were taken from the rock in Graf, IA, cut and polished to make slabs for thin sections. A 
smaller portion of the sample was dissolved in 10% acetic acid solution in order to release the micro-
fossils from the rock. 
•   Fossils were picked with a particular focus on phosphatic remains. 
•  Photographs were taken of the thin sections using photomicrographs, and the fossils were imaged 
with a Hitachi S3400N scanning electron microscope. 
